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NACA ARR No. L5B17
NATTONAL ADVISCRY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTED REPORT

WIMD-TUNNEL INVESTIGATION OF A RECTANGULAR
NACA 2212 ATRFOIL WYTH SEMTSPAN AILERONS AND WITH
NONPERFORATED, BALANCED DOURBLE SPLIT FLAPS
TOR USE AS AERNDYNAMIC PRAKES
By Thomas A. Toll and Margsaret F. Ivey

SUMMARY

Tests have been made in the Langley 7- by 10-foot
tunnel to determine the applicability of nonverforated,
balanced double spllt flups for use as asrodynamic brukes.
Information was desired nsn the braking power of the flaps
as well as on the effectiveness and the stabllity of a
conventional tralling-edge alleron located lrmedlately
behind the flups.

A rectangular 10- by 60-inch wing model of NACA 2212
airfoll sectlion was used for the tests. Results were
obtuined for flat-plate flaps with no wlng cut-outa and
for flaps having Clurk Y sections with cut-outs made 1ln
the wing to simulate the space left open by the deflected
flaps. The flap deflectlons, the chordwlse locatlon,
and the gaps hetween the fluns and the ulrfoll contour
wero varled over wide runges In order to determine the
optimum configuration. Tn addltlon to the forece tests,
an investlgation was made to determine vny buffoetlng
tendencies of the alleron. S1lk tufts and a [lexible
torque rod were used foar these tests.

The drag was only slightly lower for the model having
alrfeil-sectlon fluns and wing cut-outs than for the model
having flat-plete £laps and n2 cut-outs iIn the wing; for
bnath arrungements the drag was hlgher than thut obbalned
In rrevinus tests »f un NaCA 23012 cirfoll with full-span,
0.20-airfeil-chord. perilorated douvle split flups. The
alleron effectiveness was low in either case, except when
the flun gups were egqual te abtout 20 percent of the wlng
chord and vhen the noses of the flaps were at least
80 percunt cf the chord frar the leading edge of the wing.
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Althongh the entlre model showed some tendency to
shake, tufts indicated that the air flow over the alleron
generally was smooth., Tests of the alleroa attached to
a flexible torgque rod indicated almost no tendency for
the ailersn tn shake; however, when the flap gans were
15 percent of the wing chord or less, the aileron acted
as though it were overbalanced and usually tended to

def'lections.
INTRODUCTION

The »wresent investigution was made becuuse certain
unnublished data hud indicated that satisfuctory drag
and laterul control characteristics had been obtalned on
an airplune with balanced couble 3pllt flaps mounted
ahead of u conventional alleron. Tusts of balunced single
aplit flaps on the lower surface of a4 wing hud »reviously
been made by the NACa (reference 1), and certain flap
lncations were {ound ut which the alluron wuas as effoc-
tive with flap deflected as with flap retracted. Tosts
of nerfarated double anlit fla»ns having no gaps between "
the fluna und the alrf>il cont~ur (references 2 to 5)
showed that such flzns procduced desliruable 1ift, drag, and
pltching-imoment chiaructeristics f'or use as dive bralkos .
and that the drag lncrement lncreased us the [lups were
moved forward on the wlng. The tests reparted in refer-
ence 2, however, showed thaut alimost no effectiveness
could be expected from an uileron located behind these
flans.

The present tests were made with a model configura-
tion similar to that of refercnces 2 and L but huving
two flaps, similur to the flup of reference 1, symmetrl-
cally disposcd ubove und below the wing. Tt wus deslred
to Adebterning 1f thoere were any t'lap locatlons at which
sufficient laterul control us well us satisfactory drag

APPARATI'E AND TESTS
Nodsl ‘

The wing model was bullt of muhogany to the NACA 2212
profile. The model wuas of roctungular plan form; the span
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was 60 inches and the chord, 10 inches. Semispan allerons
having chords equal to 18.5 percent of the wing chord
(0.18%¢c) were provided. The a&ilerons were not balanced
&nd had small gaps at thelr leading edges.

Two sets of flaps were used with the model. Both
sets were full span, were nonperforated, und had chords
of 2 inches. one set was made of flut ateel vplute

(;%-in.thlck) and had rounded leading edges. Each flap
1

of thlas set waa uttached to the wing by elght fittlngs
along the span. The filttings were adjustable to allow
varlations of flap deflections, chordwlse locatlons, and
gars between the flaps and the wing. The wling had no
cut-nuts to simulate the space left by the flaps when
deflscted. Photogranhs of the mocsl mounted in the
tunnel sre given as flgurecs 1 and 2. The second set of
flaps was constructed of steel plate and wood to the
Clark Y section (flg. 3). Cut-outs in the wing were mude
to simulate the space left by the flaps when deflected.
Each rlap wus attached t» the wing by slx tittlngs, which
rested on nurrow bridges lef't across the wing cut-outs.

The dimensions of the model and the flaf locations
und def'lectiona tested are glven in flgures i} and 5.

Tests

The dynamlc pressure malntalned for all tests was
16.37 pounds per square foot., which corresponds to a
velocity nf ubout 80 mliles per hour under standurd sea-
level condlitlons and to 4 test Reynolds number of 609,000
baused on the chord of the mocdel wing (10 in.). The effece~
tive Reynolds number, based on ua turbulence factor of 1.
for the Langley 7- by 1l0-foot tunnel, was about 975,000.

The teats consisted principally of the determination
of the 1lift, drag, and pltechlng-moment characteristics
of the model with the allerons neutral and of the rslling=-
and yawing-moment charsacteristles of tlie model wlth the
rignt allcron at various fixed deflections. a few tests
wers madae to determine the alleron hinge-moment coeffl-
clents 214 to invcstigate the flow conditions in the
vicinity of the aileron.
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Tests of the model with no wing cut-outs and with
flat-plate rlaps were mude with the flaps at a nuwmber of
chordwlse locations, gaps, and datlections. Only & few
configuratinne of the mndel with alrfoll-section flaps
wnd with wing cut-outs were tested. These tests were
mude principally to check the validity of the assumption
that the wing cut-outs and the flap section would have
1ittle effect on the results when the flaps are ut high
deflections.

RESULTS AND DISCUSSION
Symbols
In the presentatlion of the results, the following
symbols are used:
Cr, 11ft coefficlent (IL/4S)
Cp drag coefficient (D/qS)

cmc/h pitching-moment coefficlent gbout quarter-

M
chord polint of airfoil £
qSc

alleron hinge-moment coefficlent (?/qbacaa)
rolling-moment coefficlent (L4Sb)
yawing-moment coefficient (N'/qSb)

11t
drag
alleroan hinge moment

pitching momunt ubout duurter-chord point of
ulrfoll

rolling momunt absut wind axls in plane of
symmetry of moadoel
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Nt yawing moment about wind axls In plune nf'
syymetry of model -

dynamic pressure of free aim apraam (?V :) ;. j
. e 2

density

velnclity ”,"h;:m
e

wing chord

aileron chord

wing area

wing gpan

span of alleron

angle of attuck

alleron deflection

upper-surface split-flap deflection measurea”
from wing chord line e aan

lower-surfuce split-flap deflection measumed
from wing chord 1ine

Gap 1s deflined us the distance, messured ﬁerpcn S
dlcular to the wing chord line, botween the true i pes sl
contour and the portion of the flup near%st the Yrfodl
contour. (Sce flgs. L} &«nd 5.) :

Chordwise locatlon 1s definud es.the disbaﬁc -
measured naruallel to the wing chord llng; bﬂtwea _&bﬂ
wing lcuCing edgo and the tangent - oﬁrpchdgoulab %
wlng chiord llne - to the nortion of the ;ﬂap ne4he&
airfoill contour. (See fizs. 4 and 5.

Allcron effectiveness 1s deflned as the increment

of rollinz-moment enefilclent between curves corre°ponding .

to two fixed alleron deflections.

Corrcctions

7o corrections were applied for the effects of
support-strut interference. Thu standaréd jot-boundary

Y, P D

by
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corrections, which were apolied to all the force-test
data, sares

5%% 57.3

ACp = 6%01,2

where Aa 185 in degrees, 8 13 the jct-boundary
~correction feetor, and C 1s the crosi-sectional area
of the jet (63.59 sy ft). . valune of € = 0U.112 for the
clogsed-throat wind tunnel wus used in correcting the
results. HNn correcctians were annlied to tie pitching-,
yawing-, rollineg-, or hinge-momsnt cnolricicnta; these
corrections are wll miall Lecause of the relutively small
size of the madsl.

Wing without Flaps

Tests were nace of the model without fleps in order
to provide u basisz unon which to compare the tests of
the model with flaps. The results of those tests are
glven in flgures € ta §. The almost linear variatiosn of
1ift coefflecient with anzle of uttact (flz. o), the
largze end almost constant Increment of rolling-moment
coef "icient betwcen nlleron deflections of 1207 (fig. 7),
and the apnroximately constunt negutive slepe of the
hinge-moment curves (flg. 3) should bo noted,

Wing with Flut~Plate Plups

The model wus tested wlth two symmetricully located
flat-plate flans at a nurber of chordwlse locations, gaps,
and deflections. The results of the tosts wre given in
flgurez 9 to 20. The effent of {lup deflectlion (flaps
located at 0.70c¢ end with 0.0%c¢ gaps) i1s given In figurc 9.
A compariann »f this flgure with fizure € indieutes that,
ot zeoro angle 52 attacit, Incremcnts of draz enefflelent
of 0.32%2 anu 0.L58 arc nroduced by the flups whon
deflucted 307 and £07, reapeetively. Connarable values
of the drayg inecesnent ceused by full-apen, 0.20c¢,
perforuted double snlit flups at thu sume chordwisc
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location on an NACA 23012 airfoil (fig. 3 of reference 2)
are 0.1 and 0.33. The irregularities in the curves

of Cr, against a for the model with flaps deflected
(fig. 9) are of interest. The effectiveness of the
allerons 1is very low - at times, even negative - for this
configuration (fig. 10).

When the flaps are deflected 30°, the irregularities
in the curve of Cr against a are less pronounced when

the gaps are 0.10c (fig. 11) than when the gups are 0.05c¢
(fig. 9). The alleron effectiveneas 1s greater when the
gaps are 0,10c (fig. 12) than when the gaps are 0.05¢
(fig. 10). 1Increasing the flap deflection to 60° results
in large irregularities in the curves of Cj aguinat a

(fig. 13) uas well as in reductions in the lift-curve
slopes, particulurly when the flups are located far for-
ward. The alleron effectiveneas (fig. 1) 1s generally
lower and more irregular when flaps are deflected 60°
than when flups are deflected 30° (fig. 12). Tests were
made with alleron deflections of +10° as well as 0°

and 1200 for the condition of the flaps located at 0.80c¢

(f1g. 1i(c)). in order to determine if greater effective-
ness might be obtained at the smaller alleron deflections.
The effectiveness seems to increase almost linearly with
deflection for low angles of uttack but is about the same
for 8 = $+10° as for 64 = #20° at high angles of
attack.

The characteristics of the model with the flaps
deflected 60° end with gups of 0.15¢c are given in fig-
ures 15 and 16. The irregularities in the 1lift curves
increase in mugnitude as the flaps are moved forward
(fig. 15). The alleron effectiveness decreases as the
flaps ure moved forward (fig. 16).

With the flaps located at 0.80c and with gaps
of 0.20c, tests were made wicth the flaps deflected 60°,
90°, and 120° (figs. 17 and 16), The 1ift curves for
the conditions of flaps deflected 60° and 120° are char-
acterized by flat regions near zero angle of uttack
(fig. 17). When the flans were deflected 90°, un irregu-
larity occurred, which waua similar to those noted previ-
ously. The nmaximum values of the lift-curve slopes for
these condlitions are only about one-half the value of
the 1lilft-curve slope for the model without flaps
(fig. 6). The aileron effectiveness is relatively high
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(about 80 percent of the effsctiveness when no flaps are
attached) and does not seem to be avorecliably affected
by the flap deflection (fig. 18).

Tests were made with flap chordwise locatlons
af 0.90c, zaps of 0.20c, and deflections of 60° and 120°.
The results ure glven in figures 19 and 20. The condltion
of flaps deflected 60° seems to be the most fuvorable of
all the configurations that hauve been discussed. The 1lift
curve (fig. 19) is almost linear and the value of 1its
slope for angles of attack greater than 2° is about
20 percent of the value of the lift-curve slope of the
model without flaps (fig. 6). The allerons are as
effective us when no flaps are¢ attached.

Tests were made with one flap located at 0.80c¢,
with a 0.10c gap, and with a deflection of 60° (figs. 21
and 22). For the negative angle-of-attauck runge with
the flap placed below the alrfoll and for the positlve
angle-of -attack runge with the flap placed above the
alrfoil, tne effectiveness of the ulleron for %20°
deflectlion 1s about the sume as the effectiveness when
no flans are attuched. When the flap 1s below the
airfoil, the effectiveneas of the ulilseron deflected 20°
decreuses as the angle of attack is increased above -2°
(fig. 22(a)). When the flav is above the alirfolil, the
effectiveneas of the ujleron deflected -20° decreases as
the angle nf attuck 1s decreased below -2° (fig. 22(b)).

Wing with Airfoll-Section Flaps

The results of tests of the model with Clark Y
alrfoil-section flaps are glven in figures 23 to 37.
The 11ift, drag, and nltching-moment characteristics of
the mndel with flups deflected 30° and at chordwise
locations of 0.60c and 0.70c¢c are given in figure 23(a)
for flap gaps 2f 0.05c and in figure 2%(b) for flap gups
of 0.10c. A compurlson of the curves for the 0.70c
location »f figure 2%(b) with the corresponding curves
of figure 1l reveals thut the alrfoll-section flups and
wing cut-outs result in slight decreases in the drag
coefficlents. A simllar effect through most of the
angle-of-attack range may be noted by comvaring figures 27,
29, and 21 with figures 13, 15, and 17, respsctively.
Part »f the reduction in drag coefficlent 1s probably a
result of the fact that fewer flttings were used to
attach the alrfolil-section flaps to the wing than were
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used to attach the flat-plate flaps to the wing. The
aileron effectiveness generally 1s slightly higher for

the model having airfoll-section flaps and wing cut-outs
than for the model having flat-plate flaps and no cut-outs
in the wing; this fuct can be noted by comparing figures 28,
20, and 32 with figures 1l(a) and 1Li(b), 16(b) and 16(c),
and 17(a), resoectively.

The variation of the rolling-moment coefficient with
alleron deflection was cdetermined for the model with the
flaps located at 0.70c and with gaps of 0.15¢c and 0.20c¢
(fig. 33). At sn angle of attack of 0° the rolling-
moment coeffliclent varied almost linearly with alleron
deflection, but at an angle of attack of 12.1° the
varlation with negutive deflsctions was irregular when
the gaps were 0.15c.

Alleron hinge moments were measured for a number of
model configurations and are presented in figures 3l
and 35, When the flan cavs were 0.15c or less, the
alleron seemed to bte overbalanced and usually tended to
flout agulnst the stops for elther positive or negutive
deflections. With the flaps located at 0.70c or at 0.80Qz,
the overbalance wus eliminated by Increasing the gaps
to 0.20c. At an angle of attack of 0% and at small
aileron deflections, the slove &Cn/36, was still

consideraebly less negative, however, than when no flaps
.were attuched to the model (fig. 8).

Because the model hud a tendency to shake when the
flaps were._deflected 60° or more, an investiguation was
made to determlne if thls shake were accompanied byeabuffeting
tendency of the alleron. No such tendency was noted when
the alleron wus restrained only by the flexible torqgue
rod used for the hinge-moment measurements. The investi-
gation was extended by observing silk tufts mounted from
musts attached to the alleron ut its midspan, midchord
location. The directions and the stablility of the various
tufts are indicated in figure 36 for several model
configurations. The tufts on and near the surfaces of
the aileron were almost invariably smooth and were pointed
in the downstream direction. Alleron buffeting therefors
does not secm to be a scrious problem for an sirplane
with balenced double split flaps.

A summary of the effects of gap and of chordwlse
location of the two sets of flaps (each set ut deflec-
tions nf 60°) on the alleron effectiveness relative to
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that of the plain wing and on the drag coefficients is
presented in figure %7. The alleron effectiveness
increases as the gaps are increased and as the flaps are
moved rearward. The drag increuses as the gaps ure
increased and as the flaps are moved forward. The varla-
tion in drag is probably caused by the increased depth

of the wake us the flaps are moved forwurd while conatant
gaps are maeintuined between the flaps and the surfaces

of the wing and also by the higher local veloclities
occurring at the forward nortlions of the wing. Refer-
ence 5 showed that the increment of drag caused by nerfo-
rated double split flups wus more than doubled when the
flaps were moved from the wing tralling edge to the

0.30c location. From the results of the tests reported
herein, however, the 0.%0c¢ locetion would be expectsd to
result in little nr no effectiveness of ullerons locuted
back of the flaps, even though the gaps were large.
Because the reduction in drag sas the fluaps are moved
rearward of the 0.60c¢c location is not very great and
because the rearward flap locatlons result in improve-
ments in the other wing and aileron characteristics, it
seems desirable to locate balunced double 3plit fluns at
about 0.30¢ nr farther reurward. Gaps of ahout 0.20c are
necessary to obtain satisfactory wing lift, alleron-
effectiveness, and alleron hinge-moment characteristics.

CONCLUSIONS

From the results of tests of full-span, nonperfo-
rated, balanced split flaps 2an a rectangular NACa 2212
alrfoll, the following concluslons may be drawns

1. The effectiveness of a conventinnal aileron
behind balanced douule split flaps was generally low but
increased ns the fluns were moved rearward snd as the
gaps between the fluna and the eirfoil surfaces were
increased.

2. The 4drag of the model increased us the flaps were
moved forward und as the flap gups were increased.

3. There was usually an irregularity in the curve
of 1ift coefflciont ugalnst angle of attuck for the
m>del with balunced double split flaps deflected. The
magnitude o0 the irregulurity increused as the flaps
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were moved forward, as the flap gaps were decreased, and
&s the flap deflections approached 90°,

l:. The slope of the curve of 1lift coefficlent
against angle of attack generally decreased as the flups
were moved forward and as the flap gups were Increased.

5. An alleron back of 1 bazlanced single snilt flap
with a small flap gap mayv be us effective through a
large part of the ungle-of-attuck runge us an alleron on
a wing having no flups.

6. The effectivencss of the alleron on the modsl
having airfoil-section flaps and wing cut-outs wus
generally slightly higher than the effectivencss of the
alleron on the mordel having flut«plute flups and no wing
cut-outs.

7. The drug of the model having airfoil-section
flaps and wing cut-outs was generally slightly lower
thuan the drag of the model having flut-plate flaps and
no wing cut-outs,

3. Although the model with balanced double split
flups showed some tendency to shake, the aileron wus
usually steady and the air flow was smnoth nn und nesar
the surface of the alleron.

9. Plaln ullerons back of balanced double split
flapa acted us though they were highly overbalunced when
the flup gups were 15 percent of the wing chord or 1less.

10. From & consideration of 11ift, drag, alleron-
effectiveness, and alleron hinge-moment characteristics,
a sutlsfactory practicul configurution probubly could be
obtained with balanced double split flaps locuted ut
80 percent of the wing chord and with flup gups of
20 percent of the wing chord.

11. The c€rag of thls maidel was hilgher than the dray
of an NaCa 22012 airfsll with full-span, 0.20-alrfoil-
chord, perfsorsted double s»lit flaps at the sume chord-
Wwlse lccatlon.

Langley Memorial Aeronautlcal Laboratory
National Advisory nommittee for Aeronautics
Langley Field, Va,
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'3 Semispan aileron

R Hinge oxls
| < FPline of symmetry

g-or

@)Plen form of wing.

€s/0"

. Chordwise
locotion

|
e

o\,
(& Typical section. \ X Flat plate (4" rmick)
Gp, = O, TIONAL AD
ty =YL NATIONAL ADVISORY
fMe

COMNTTEE FOB AERONAUTICS.

0.60c 0.70c 0.80c 0.90¢

30 and 60
60 J0 and 80|30 end 60
60 60 60 &0
an/itd 60 and

& Flop deflections for various chordwise Jocations ond gaps.

Figure 4.— Dimensions and flap configuratons of the model
with balanced double split flaps having flat-
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